The epicardial activation sequence of 34 patients with the Wolff-Parkinson-White syndrome was determined. Epicardial pre-excitation occurred at a spectrum of sites over either the free wall of the left or right ventricle or in a paraseptal region, always adjacent to the atrioventricular rings. The site of pre-excitation was related to the spatial position of the 10 msec vector of the vectorcardiogram (VCG) in 15 patients and the 20 msec vector of the electrocardiogram (ECG) in 29 patients with a single accessory pathway. All patients whose 20 msec vector (ECG) was directed to the right had accessory pathways which caused epicardial breakthrough over the free wall of the left ventricle. When the 20 msec vector (ECG) was to the left and inferior, epicardial pre-excitation was over either the right ventricular free wall or in the region of the pulmonary outflow tract. Superior location of the initial forces, especially the 10 msec vector (VCG), strongly suggested the presence of a septal bypass tract. The polarity of the delta wave and maximum QRS forces in precordial lead V1 were discordant in a significant number of patients, pointing to probable shortcomings of a classification based upon the latter.
IN 1930, WOLFF, PARKINSON AND WHITE
reported the susceptibility to paroxysmal tachyeardias of individuals whose electrocardiograms showed a short P-R interval and a broad QRS complex with typical slurring of the initial portion, the delta wave.' A working classification of the Wolff-Parkinson-White (WPW) electrocardiogram into types A and B, based upon whether the maximum QRS forces in right precordial leads were predominantly anterior or posterior, was suggested by Rosenbaum et al. in 1945.2 The postulate that the different QRS morphologies result from activation of ventricular myocardium over accessory connections at different sites has since been largely borne out. However, more recently developed techniques of catheter study,3-5 epicardial mapping' and surgery7 8 have shown that a subdivision into leftsided (type A) and right-sided (type B) connections is an oversimplification.9 It is now apparent that accessory pathways may cause early excitation of the interventricular septum as well as different sites in the free wall of either ventricle. Because attempts at surgical division of accessory pathways are more often successful when the pathway courses through nonseptal (i.e., free wall) portions of the mitral or tricuspid annulus,"0 preoperative recognition of the site of the bypass has practical importance.
When pre-excitation is present in the WPW syndrome, the initial portion of the delta wave results from propagation over the bypass and resulting excitation of myocardium adjacent to either the mitral or tricuspid annulus. The remainder of the QRS complex results from variable degrees of fusion from propagation over both the normal and accessory conduction paths. Therefore, it would be expected that very early vectors of ventricular depolarization might provide useful information for localization of the bypass tract. The aim of this study was to determine in a large group of patients the sensitivity of the initial forces of the electrocardiogram (ECG) in localizing the accessory pathway, and to ascertain whether any additional information was provided by the vectorcardiogram (VCG). It was assumed that mapping the epicardial activation sequence at surgery provides a valid means of localizing the bypass tract. Subsequent abolition of pre-excitation and arrhythmias in most patients by an incision of the annulus centered about the site of epicardial breakthrough suggests that this assumption was valid.5 Methods Surgical division of the accessory pathway(s) has been attempted in 34 patients with the WPW syndrome at this institution. Three of these patients had multiple bypasses of the Kent bundle type1' and another had coexistent Kent and Mahaim-type tracts.12 These four patients were excluded from this present analysis.
At thoracotomy, the ventricular epicardial activation sequence was recorded during sinus rhythm or usually during rapid atrial stimulation at a site close to the accessory pathway. In a number of patients, retrograde atrial activation was also studied during ventricular pacing or reciprocating tachycardia. These epicardial activation data have been presented in detail elsewhere.5 Epicardial breakthrough after normal conduction over the His-Purkinje system occurs in the area trabecularis on the anterior paraseptal surface of the right ventricle. 13 Breakthrough during pre-excitation due to Kent bundles always occurred at a site adjacent to the atrioventricular rings. The site of breakthrough was used in this study as the means of testing the accuracy of the 10 and 20 msec vector in localizing the accessory pathway. When the accessory pathway was located at any site in the free wall aspect of either A-V annulus, earliest epicardial ventricular activation was adjacent to the bypass and occurred before the onset of the delta wave. When the accessory pathway was located in the septal region, early epicardial breakthrough occurred either at the anterior or posterior paraseptal regions but was delayed 5-15 msec after the onset of the delta wave. For convenience we have grouped in figure 1 the sites of epicardial breakthrough and inferred location of the accessory pathway(s) into eight areas.9 It is to be noted that the right anterior paraseptal region cannot be directly mapped because of interposition of the pulmonary outflow tract at this site.
An ECG and VCG were obtained as part of the pre-EPICARDIAL PRE-EXCITATION *'BUNDLE of HIS operative evaluation by which the bypass tract was presumptively localized and its functional characteristics defined. The preoperative twelve-lead ECG which showed the most pre-excitation was analyzed. In two patients with a left free wall accessory pathway, the ECG analyzed was obtained during left atrial pacing via a coronary sinus catheter. This was necessary because there was little or no ventricular pre-excitation during sinus rhythm. In one patient, no technically adequate ECG during pre-excitation was available. Three channels were recorded simultaneously at a paper speed of 25 mm/sec and a gain of 10 mm/mV; the three standard bipolar limb leads, the three augmented unipolar limb leads, precordial leads V1, V2, V3 and leads V4, V5 and VB.
The ECGs were analyzed retrospectively by one of us, but without knowledge of the epicardial activation data. In every case the P-R interval was 120 msec or less and the typical pattern of ventricular pre-excitation associated with the Wolff-Parkinson-White syndrome present. The spatial orientation of the delta wave was determined at a consistent point in time in each of the 12 leads. This instantaneous vector was determined at a point 20 msec after the onset of the QRS (delta wave). The 20 msec vector was chosen because we considered it to be the earliest which could be reliably and reproducibly determined from the standard ECG recorded at 25 mm/sec. Positivity and negativity with respect to the isoelectric line (the T-P segment) implied orientation of the instantaneous 20 msec vector respectively toward or away from a particular lead. An isoelectric instantaneous vector implied that it was perpendicular to that lead. The bipolar and unipolar limb leads were used to determine superior-inferior and right-left orientation in the frontal plane. The anterior-posterior position of the 20 msec vector was determined from the precordial leads.
The VCG was recorded with patients in the supine position using the standard Frank lead system'4 on a Hewlett-Packard model 1507A vectorcardiograph. Chest electrodes (A, C, E and I) were at the fourth intercostal space. Photographs of the VCG in the frontal, horizontal, and left sagittal planes were taken from the oscilloscope screen on Polaroid type 107 film. The initial QRS forces were enlarged usually with a calibration of 0.125 mV/lOmm deflection, and photographed with the P and T loops excluded. The VCG tracing was interrupted each 2.0 or 2.5 msec. Only the VCGs of those 15 patients in whom recordings were technically acceptable for quantitative analysis, and simultaneously recorded X, Y and Z leads showed a P-R interval equal to or less than 120 msec and a typical delta wave were studied. The vector 10 msec after the E point was analyzed. This instantaneous vector was earlier than that which could be reproducibly determined from the ECG. It was considered to be the earliest instantaneous vector which could be reliably identified at the particular gain settings used. Its accurate recognition in any two of the frontal, transverse, and left sagittal planes enabled it to be plotted by inference if necessary in the third plane.
Results
The clinical details and location of the accessory pathway in the 34 patients is shown in table 1. Table 2 shows the deduced spatial position of the 20 msec vector from the surface ECG in the 29 patients Circulation, Volume 52, December 1975 with a single accessory pathway and an ECG available during ventricular pre-excitation. The patients are grouped according to the area of earliest epicardial excitation determined from the data at operation. The 20 msec vector on the ECG reliably identified those patients with pre-excitation of the left free wall. In all of these 12 patients (11 with left lateral pathways, one left anterior) the vector was to the right. In contrast, in all five patients with pre-excitation of right free wall (three right lateral pathways, two right anterior) and in the 12 with paraseptal pre-excitation (irrespective of whether this was to the right or left of the septum), the 20 msec vector was to the left.
Electrocardiographic Analysis
The superior-inferior location of the 20 msec vector differed according to whether the bypass was in the free wall or septal parts of the annulus. The vector was superior in nine of the 12 patients with septal pathways. However, it was inferior in 14 of the 17 with accessory pathways in the free wall aspects of either annulus. The two patients with left lateral pathways in whom distal coronary sinus pacing was necessary to elicit any degree of pre-excitation were included among the three patients with free wall pathways in whom the 20 msec vector was superiorly located.
Regardless of the site of epicardial breakthrough, the 20 msec vector was usually anterior. It was anterior in 15 of 17 patients with pre-excitation in the free wall of either ventricle and in ten of 12 patients with pre-excitation in the paraseptal region.
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Vectorcardiographic Analysis
A technically adequate VCG during ventricular preexcitation was obtained in 15 of the patients with a single accessory pathway. Six of these patients had left free wall pre-excitation (five left lateral, one left anterior), one had pre-excitation in the region of the right anterior free wall and in the remaining eight patients pre-excitation was in the paraseptal region (four right posterior, three left posterior, one pulmonary outflow). Figure 2 shows the spatial position and magnitude of the 10 msec vector in the frontal, transverse and left sagittal planes.
The superior-inferior location of the 10 msec vector completely differentiated free wall and paraseptal preexcitation in this relatively small group of patients. In all seven patients with a presumed free wall accessory pathway, the 10 msec vector was oriented inferiorly. It was also to the right and anterior in those six with a The patients are grouped according to site of epicardial pre-excitation. Epicardial pre-excitation: POT = pulmonary outflow tract; LLFW = left lateral free wall; LAFW = left anterior free wall; LPPS = left posterior paraseptal; RPPS = right posterior paraseptal; RLFW = right lateral free wall; RAFW = right anterior free wall.
Circulation. Volume 52, December 1975 bypass passing through the free wall aspect of the mitral annulus and to the left and posterior in the single patient with a pathway in the anterior aspect of the tricuspid annulus.
In contrast to its location in those patients with a free wall pathway, the 10 msec vector in all eight patients with a presumed septal accessory pathway was superior to the E point. It was to the left in three of the four patients with right posterior paraseptal epicardial breakthrough and to the right in two of the three with left posterior paraseptal breakthrough. In the one patient with a presumed right anterior septal accessory pathway, the 10 msec vector was to the right, anterior, and superior.
Combined Analysis of the 10 msec (VCG) and 20 msec (ECG) Vectors Table 3 shows the conclusions which can be drawn from the position in the frontal plane of the 20 msec vector (which can be ascertained from the ECG) and additional information which might be obtained from the 10 msec vector (for which, for practical purposes, a VCG must be used).
Discussion
Although there is less direct anatomic evidence,">'7 preoperative studies and operative results strongly suggest that the basis for pre-excitation in the vast majority of patients with the WPW syndrome is the existence of an accessory pathway. Surgical division of this accessory connection8 is now a means of treating those patients with intractable episodes of reciprocating tachycardia, unresponsive to medication, or with life-threatening arrhythmias, especially atrial fibrillation with an extremely rapid ventricular response. At this institution, results have been more favorable in those patients with accessory connections coursing through the free wall portions of the mitral or tricuspid annulus (91% successfully divided) than with septal connections (36% successfully divided).'0 During attempted surgical division of a septal accessory pathway, there is also the potential risk of damage to the normal conduction system. The preoperative observations that might allow presumptive localization of the accessory pathway have been discussed elsewhere.' They include the measurement of conduction time to a specified ventricular point during pre-excitation," the retrograde atrial activation sequence during reciprocating tachycardia or ventricular pacing,'9 20 change in the cycle length of reciprocating tachycardia during intermittent bundle branch block,21 and capture phenomena.2' Localization can also be aided by comparison of the degree of ventricular pre-excitation during atrial pacing at multiple sites.22 However, all of these observations involve cardiac catheterization. A reliable noninvasive means of localization would be preferable. Rosenbaum's classification into ECG types A and B has been useful, but the epicardial activation data in these patients reveal its shortcomings. All five patients with right free wall accessory pathways would be classified as Rosenbaum type B on the basis of a predominantly negative QRS complex in lead V1.
Spatial position of the 10 msec vector in the frontal, transverse, and left sagittal planes of the 15 patients with either free wall or septal accessory pathways with technically adequate vectorcardiograms available during pre-excitation. Each vector is drawn to represent its magnitude. S = superior; I i inferior; R = right; L = left; A = Tho mV' anterior; P posterior.
Nine of the 12 patients with left free wall bypass tracts would be classified as type A. The other three patients (9, 24 and 29 in table 1) with left free wall connections had predominantly negative QRS forces in lead V1 during sinus rhythm. However, the QRS duration was only 0.12 sec and pre-excitation was greatly enhanced in these patients by atrial pacing, with development of predominantly upright QRS complexes in lead V,. The major limitation of Rosenbaum's classification is that it takes no cognizance of septal accessory pathways. Of our 12 patients with septal connections, eight would be regarded as type B and four as type A.
Any VCG and ECG classification of the Wolff-Parkinson-White syndrome has importance limitations. These include 1) the presence of associated congenital or acquired cardiac abnormalities which might alter the temporal sequence of ventricular activation; 2) the co-existence of multiple accessory pathways;", 12, 23, 24 3) variable degrees of fusion from conduction over the normal and accessory pathways; there may even be unidirectional antegrade block in the accessory pathway;25 and 4) variations in activation depending upon whether the accessory pathway is located in the endocardial or epicardial aspects of the Circulation, Volume 52, December 1975 10)34 heart.26 There are additional technical problems such as simultaneous registration of the P and delta waves on the ECG, and superimposition of the characteristically slow initial vectors of the VCG loop. We tried to minimize these factors in this study by excluding patients with multiple accessory pathways, concentrating upon the initial phase of ventricular depolarization, and analyzing, in any particular patient, the VCG or ECG that was most pre-excited.
The ECG is more widely available to the practicing clinician than the VCG. Our findings indicate that the 20 msec vector, which we feel is the earliest which may be reliably defined from the ECG, enables important conclusions to be drawn about the site of the accessory pathway. 1) A 20 msec vector to the right indicates a bypass tract coursing through the free wall part of the mitral annulus. The 20 msec vector is usually also inferior and anterior in these patients. During pre-excitation, their electrocardiograms therefore show negative delta waves in leads I and aVL and positive delta waves in leads II, III, aVF, V1 and V2. 2) When the 20 msec vector is to the left and inferior, with positive delta waves in ECG leads I, II (and possibly III), aVL and aVF, the pathway may be coursing through either the free wall part of the tricuspid annulus or anterior septal region. Our insufficient numbers prevent firm conclusions from being drawn about this latter group. However, the 10 msec vector was superior and 20 msec vector inferior in the VCG of one of the two patients with epicardial breakthrough in the region of the pulmonary outflow tract. An adequate VCG during pre-excitation was not available in the second patient. It is therefore tempting to speculate but cannot be confidently predicted, that the 10 msec vector on the VCG may enable differentiation between pathways in these right ventricular free wall and anterior septal locations. 3) Superior and leftward location of the 20 msec vector strongly suggests the possibility of a pathway coursing in the posterior septum. During pre-excitation over such bypass tracts, the ECG is characterized by the presence of negative delta waves in the inferior leads II, III and aVF.
While the 20 msec vector from the ECG therefore provides useful information for the presumptive localization of the accessory pathway, the 10 msec vector from the VCG allows the most confident crude separation of septal and free wall connections. The best discriminator for this differentiation in this relatively small group of patients was the superiorinferior location of the 10 msec vector. In all eight patients with septal accessory pathways (seven causing posterior paraseptal breakthrough, and one causing breakthrough in the pulmonary outflow tract region) it was superiorly located, whereas in all seven Circulation. Volume 52, December 1975 patients with either left or right free wall connections it was inferior.
It is of interest that the early forces of the great majority of patients, regardless of location of their accessory pathway, were directed anteriorly. In all cases, ventricular epicardial pre-excitation occurred at the base of the heart adjacent to the atrioventricular rings. This contrasts with the normal location of epicardial breakthrough on the mid-anterior right ventricular surface.`3 Anteriorly directed initial forces during pre-excitation might therefore be explained by the relatively posterior location of the base of the heart compared with the bulk of myocardial tissue. This predominantly anterior location of the initial forces, even while the maximum QRS forces may be posterior,27 again points to the shortcomings of an ECG and VCG classification of the WPW syndrome based upon the latter.
